AI•$TRACT.--We analyzed patterns in the abundance, productivity, and survivorship of a coastal California population of Wilson's Warbler (Wilsonia pusilla) using capture-recapture data from 18 years of standardized mist-netting conducted during the breeding season. The numbers of adult and hatching-year birds captured each year showed no consistent trend through time. The total number of adults captured annually, an index of adult abundance, was positively related to productivity in the previous year as indexed by the number of hatching-year birds captured. In addition, the number of adults captured for the first time at the study site, an index of new adults entering the population, was positively related to the previous year's productivity. There was a positive correlation between the numbers of summer residents and transients captured in each year Estimated annual adult survival of summer residents was 50.3%. The annual recapture probability for summer residents (68.8%) was much greater than for presumed transients (7.2%). When the difference in recapture probability between summer residents and transients was ignored, annual survival was underestimated (30.5 %). Year-to-year variation in survival showed no relationship to annual fluctuations in adult abundance. These patterns of survival and productivity parameters suggest that abundance in this population has been influenced primarily by circumstances on the breeding grounds. Received 17 May 1996, accepted 10 January 1997. 
and Stewart et al. (1978) . In summary, territorial males begin to arrive in mid-March, females arrive one to two weeks later, and pair formation begins an average of 15 days after the arrival of the males. Males typically defend territories against their neighbors, although breeding birds occasionally are seen or caught up to 300 m from their territories. Open-cup nests are built 30 to 80 cm above ground almost exclusively in the riparian woodland, especially in dense tangles of blackberry (Rubus sp.).
Stewart et al. (1978) observed a return rate of 60.8%
for color-banded males.
Netting protocoL--Nets were opened 15 min after sunrise and left open for 6 h, weather permitting. In April, nets were operated daily from 1979 through 1988 and three times per week from 1989 through 1996. Nets were operated six to seven days per week from May through August, 1979 to 1996. In all our analyses we used the number of individual birds captured per 1,000 net-hours, to standardize capture rate by netting effort. Captured Wilson's Warblers were banded and aged as either hatching-year or after-hatching-year based on skull pneumatization (Pyle et al. 1987) . Second-year birds were not reliably distinguishable from after-second-year birds. Birds were sexed by plumage using the criteria of Pyle et al. (1987) and by the presence or absence of a brood patch or a cloacal protuberance.
Classification of captures.--To estimate adult abundance, we considered captures of adults from 1 April through 15 August. Ideally, our index of adult abundance would be based on captures of local breeders and not on captures of transient individuals. Here we use the term "transients" in a broad sense to refer to migrants, floaters, and other non-territorial adults. We considered several ways to distinguish local breeders from transients. Because locally breeding individuals are among the earliest Wilson's Warblers to arrive at the study area (Stewart 1973) , spring arrival dates cannot be used to distinguish migrant adults from local breeders, and 1 April was chosen to include the earliest captures of local adults in most years. The presence of a brood patch or cloacal protuberance also cannot be used to distinguish local breeders, because non-local adults that still have signs of breeding condition move through the study area in June (Stewart 1973 In addition, we used the capture rate of new adults as a potential index of recruitment. Because Wilson's Warblers that have bred in previous years tend to return to territories that they established previously (Stewart 1973) , birds that are adults at the time of their first capture in the study area are in many cases second-year birds that are making their first northward migrations. The use of "new" captures as an index of recruitment assumes that capture rates of new adults are proportional to the number of adults recruited into the population. We defined the capture rate of new adults to include capture of any unbanded adult and the first after-hatching-year capture of any bird banded previously.
Productivity has been assessed from mist-net data using both the capture rate of hatching-year birds and indices that compare captures of hatching-year birds with captures of adults (DeSante and Geupel 1987, Bibby et al. 1992, DeSante et al. 1993, Nur and Geupel 1993a, Johnson and Geupel 1996). We used two indices to describe productivity: (1) the number of individual hatching-year birds captured per 1,000 net hours, and (2) the ratio of hatching-year birds to total adults captured. We included captures of hatching year birds between 1 April and 15 August. The within-year pattern of captures does not reveal a distinct time period for the presence of migrating hatching-year birds (Fig. 1) Statistical analyses.--We used linear regression analysis to detect trends in the number of birds captured over time and to describe relationships among productivity, survival, and population size. Results were considered significant at P -< 0.05. Capture rates were log transformed to improve the normality of the residuals (Zar 1984 ). There is a potential for autocorrelation problems in performing regressions using the total number of adults captured in a given year and the number of hatching-year birds captured in the previous year (i.e. the same birds may be captured in consecutive years). We accounted for this by testing for a correlation between the number of adults captured in one year and the number of adults captured the following year.
Survival and recapture probabilities were estimated using the program SURGE to fit a Cormack-JollySeber model (Lebreton et al. 1992 (Lebreton et al. , 1993 Pradel and Lebreton 1993) to the capture/recapture data. This analysis provided separate estimates for the two components that determine the annual return rate, i.e. survival probability and recapture probability. Survival probability is the probability of an adult surviving from one year to the next, whether or not it is recaptured. Recapture probability is the probability that a bird will be recaptured, given that it is alive. This technique accounts for surviving individuals that are not captured in every year by estimating recapture probability based on the year-to-year recapture history of all individuals. Models were selected to account for the major components of variation in the data, while maximizing parsimony (i.e. including as few parameters as possible), to allow greater precision in estimating survival (Lebreton et al. 1992 with models allowing recapture probability to vary between summer residents and transients. We also compared survival and recapture probabilities of male and female summer residents. Finally, we estimated the yearly survival probabilities for adults over the 18-year period of the study, and looked for a relationship between survival rate in a given year and abundance in the following year. In addition, we examined the relationship between adult abundance in a given year and the rate of adult survival to the next year to look for evidence of density-dependent survival. We also examined the relationship between productivity in a given year and adult survival to the following year. All regressions involving annual variation in survival were weighted by the inverse of the standard error of the survival estimates.
RESULTS
Adult abundance.--Two seasonal peaks characterized the distribution of capture rates of adults being captured for the first time in a given year ( Recapture and survival probabilities.--A total of 978 adults was captured from 1979 through 1996 and used for survival analyses (Table 1) . Of the total sample, 161 individuals met our recapture criterion for classification as summer residents. Of the summer residents captured, 65% were male, 33% were female, and 2% could not be sexed. One model (Model 1) estimated overall survival and recapture probabilities for all adults pooled. An additional model (Model 2) estimated overall survival and recapture probability for summer residents and for transients separately. Comparison of models revealed a significant difference between the recapture probabilities of summer residents and transients (P < 0.0001; Table 1 ). This difference was large; the probability of a surviving summer resident being recaptured in the following year (0.69) was nearly 10 times that for a surviving transient (0.07). This difference in recapture probability was not accounted for in Model 1, in which all adults were pooled. The survival probability obtained for summer residents separately (Model 2) was significantly higher than that for all adults pooled (z test, P < 0.01). The difference in survival probability between summer residents and transients, however, was not statistically significant (P = 0.09; Table 1 ).
A third model (Model 3) estimated overall survival and recapture probability for male and female summer residents separately. Survival probability was slightly higher for males than for females, but this difference was not significant (P = 0.25; Table 1 ). Recapture probability also did not vary significantly between males and females (P = 0.41; Table 1 ).
Estimates of the probability of annual survival of adults were obtained for the 18 years of the study using a model (Model 4) that controlled for differences in recapture probability between summer residents and transients (Table 2). In Model 4 we treated recapture probability as constant among years, based on the lack of significant year-to-year variation in recapture probability for summer residents (LRS = 18.59, df = 16, P = 0.29). However, due to sparseness of data, we could not test year-toyear variation in recapture probability while simultaneously controlling for the difference in recapture probability between summer residents and transients. Year-to-year variation in survival probability was not statistically significant (LRS = 23.07, df = 16, P = 0.11), although survival probability appeared to vary markedly among years (Table 2) . Also, survival probability did not vary significantly among years when summer residents and transients were analyzed in separate models (both P values > 0.2). However, the likelihood ratio statistic lacked power for analyzing yearly variation in survival because our sample size of individual recapture histories per year was small. son's Warblers caught during the breeding season showed no significant increase or decrease over time, despite high annual variation during the study period (Fig. 2) (Figs. 2 and 3) . The number of adults captured increased during 1988 and 1989 after two years of higher productivity (Fig. 2) .
More knowledge about inter-patch dynamics is
Productivity.--The abundance of adult Wilson's Warblers at our study site was positively related to productivity in the previous year (Fig. 4) . We found no consistent increase or decrease over time in our measures of productivity, which parallels the lack of a significant trend over time in adult captures (Figs. 2 and   3 ). The relationship between productivity and captures of new adults (Fig. 5) suggests that years with high productivity are followed by years with high recruitment. However, very few Wilson's Warblers captured in their hatching-year were caught again as adults. In contrast, for Swainson's Thrushes at the same study site, Johnson and Geupel (1996) found a strong relationship between productivity in a given year and abundance in the following year, and also observed exceptionally high return rates of hatching-year birds. However, a combination of low return rates of locally produced young and positive relationships between productivity and subsequent population size has been observed in several other migrant populations. Nolan (1978) observed that although few female Prairie Warblers produced on his study site returned there to breed, there was a significant correlation between annual production of fledglings and the percentage of breeding second-year females in the following year Similar results were found for male American Redstarts by Holmes (1991, 1992) , who suggested that the relationship between local nesting success and yearling recruitment might indicate that nesting success on their study area was representative of nesting success over a larger region. This is also supported by the fact that temporal trends in adults on their study area matched those de- Survival and recapture probability.--Our best estimate of overall annual survivorship of breeding adult Wilson's Warblers (i.e. 50.3%) was obtained using a model that took into account the large difference in annual recapture probability between site-attached and transient adults (Model 2). The estimate of adult survival probability based on all adults pooled (Model 1) was biased because the recapture probability of summer residents was nearly 10 times that of transients (Table 1) In this study, pooling males and females did not bias survival estimates because the recapture probability of males and females did not differ significantly (Table 1) . Although our survival estimate was slightly higher for males than for females, the difference was not significant. Among birds, survival often is thought to be higher in males than in females, and summaries of existing data suggest that this pattern is common, but not universal, among species (Breitwisch 1989, Newton 1989, Promislow et al. 1992 ). Reports of differences in adult survival between males and females may be partly due to differences between the sexes in the propensity to disperse (Martin and Li 1992) or to be recaptured or resighted (Martin et al. 1995 ), but they also may reflect differences in reproductive effort and sexual selection (Promislow et al. 1992 ).
Our yearly samples of adult captures were too small to allow us to show that survival probability varied significantly among years, although inspection of the data in Table 2 shows that it did fluctuate markedly; i.e. in three years survival exceeded 60%, and in two years it was less than 25%. Apparently, the probability of adult 
